in nineteenth century Britain. The twentieth century was a witness to major environmental poisoning tragedies. Release of industrial waste into Minamata Bay led to high contamination of seafood with mercury compounds, causing a syndrome now called Minamata disease, which led to thousands of deaths and ten thousands of severe cases of methyl mercury neurotoxicity in adults and newborn children in Japan. The Bhopal disaster in India was due to the release of methyl isocyanate from a pesticide plant, and Times Beach, Missouri, has been a ghost town since 1983 because industrial waste oil was used to decrease the dustiness of roads, leading to massive environmental dioxin contamination.
The following picture of events in Gandaman village is now emerging. The children most likely died from an acute cholinergic syndrome due to intoxication with the pesticide monocrotophos. The source of contamination is still unclear, but forensic analysis reported high levels of monocrotophos in the cooking oil used for preparing the school lunches, and a container previously used to store pesticides was found in the kitchen area. According to press reports, the school cook had complained about the color and the smell of the newly delivered cooking oil, but the school principle negated the problem. It appears that the cooking oil was bought from a store owned by the husband of the school principal.
Monocrotophos, dimethyl 2-methylcarbamoyl-1-methyl-vinyl phosphate, is a chemical belonging to the group of organophosphates. Many organophosphates are acetylcholine esterase inhibitors and cause an acute cholinergic syndrome through increased concentrations of the excitatory neurotransmitter acetylcholine in synapses and neuromuscular junctions (thus acting much like chemical weapons such as soman, VX, and sarin). Monocrotophos is insecticidal (including bees!), but also highly toxic to At first glance, recent headlines of "Monocrotophos in Gandaman village" sounded like the title of a Bollywood film featuring a Greek god visiting an Indian village. But, this story had no colorful settings, dancing, or happy ending. And if a Greek god had been involved, his name would have been Thanatos, the personification of death. On July 16, 2013, children in Gandaman village in Bihar, one of the poorest states of India, fell violently sick after eating a school lunch. Twenty-three died, many within a few hours of eating.
Poisoning through environmental chemicals has afflicted humans for a long time. The oldest case of environmental toxicity is scientifically attested by hair analysis of the Tyrolean Neolithic mummy "Ötzi," who died between 3359 and 3105 BC (Bolt 2012) . Ötzi suffered from chronic arsenic exposure, probably because of his long-term involvement in copper working. Lead poisoning was prevalent in ancient Rome, and the English idiom "mad as a hatter" is a reminder of workplace exposure to mercury compounds other animals, including birds and mammals. Its use has been banned from the United States and subsequently from many Western countries, but it is still widely used in South America, as well as some African and Asian countries including India.
To put things into context, India has a population of over 1.2 billion and is still growing. UNICEF states: "Malnutrition is more common in India than in Sub-Saharan Africa. One in every three malnourished children in the world lives in India" (UNICEF Web site). According to a recent World Bank report (India: Malnutrition Report), about half of child deaths in India are attributable to malnutrition. This would suggest that, in India, the number of children dying from the impact of malnutrition might be in the range of 1 million per year. Obviously, these numbers dwarf the "Gandaman disaster". Together with the apparently very high efficacy of crop protection by monocrotophos, this explains why India continues to use this dangerous pesticide despite warning from the World Health Organization not to do so (Reuters 2013/07/25). In a nutshell, India desperately needs food and its poor heavily depend on affordable mass production, which relies on cheap pesticides. Thus, despite their potential dangers, cheap pesticides will continue to be heavily used for the foreseeable future in India and other impoverished parts of the world. And when combined with factors such as human mistakes, lack of education on handling and dangers, profit maximization in agricultural production, and corrupt practices, this culminates in tragedy. Preventing future "Gandaman disasters" necessitates addressing the root causes of poverty and corruption. However, until these challenges are overcome, toxicologists will have difficult, unrewarding, but important task: accompanying the population of low-and middle-income countries through some more dark decades.
So, what will this involve? Without doubt (and without surprise), developing an improved understanding of the impact of pesticides on human health will be essential. How will a better understanding of pesticide toxicity help people potentially exposed to these compounds? Let us take the example of the "Gandaman disaster." Shortly after the incident, a superintendent of the Medical College Hospital in Patna (a city close to Gandaman) claimed that children who got exposed to, but survived, the acute poisoning will have no "remnant effects on them. The effects of poisoning will be washed after a certain period of time from the tissues" (Huffington Post 2013/07/18). To give him the benefit of doubt, the superintendent might have made this misleading statement to avoid further panic in the local population. Yet, one should worry that such statements will deprive victims of compensation and medical care for long-term consequences of organophosphate poisoning. Such long-term toxicity includes organophosphateinduced delayed polyneuropathy (Richardson et al. 2013) and chronic organophosphate-induced neuropsychiatric disorder (Jokanovic and Kosanovic 2010). It is important to consider that long-term toxicity of organophosphates may occur in the absence of a documented acute intoxication and that such cases might be much more frequent than the fatal acute intoxications, whose tragedy attracts most attention. To make things more complicated, those exposed without showing signs of acute intoxication might be very sensitive to long-term neurotoxic effects (London et al. 2012 ). Moreover, low-level prenatal exposure to the organophosphate pesticide chlorpyrifos is associated with reduced IQ scores and deficits in working memory, as shown in a longitudinal birth cohort study in New York City (Rauh et al. 2011 ). Long-term toxicity of organophosphates is particularly well documented for exposure to tricresyl phosphate (Weiner and Jortner 1999) and leptophos (Jokanovic and Kosanovic 2010). To the best of our present medical knowledge, monocrotophos is not devoid of this long-term organophosphate toxicity, but reports are more sketchy (e.g., Singh et al. 2004) . Note also that animal testing is not a reliable predictor for the risk of this type of toxicity in humans, as shown, for example, for organophosphate-related carbamate compounds (Richardson et al. 2013) . Thus, when it comes to protect the legal rights of victims and their families, our present medical knowledge in this field is not good enough. Toxicity mechanisms need to be demonstrated, and unequivocal cause/consequence chains need to be established.
Understanding the mechanisms of organophosphate toxicity is critical in two respects. First, therapeutic strategies for patients exposed to these toxics can be developed. Obviously, eliminating highly toxic pesticides is preferable to finding therapies for intoxications, but in a real-world scenario, availability of countermeasures can be of immediate benefit to those affected . Second, such studies and the resulting knowledge on toxicity ranking of compounds should allow legislators to create legal frameworks that encourage the use of pesticides with the least unfavorable toxicology profile. This approach has led to the substitution of several organophosphates by other types of pesticides (e.g., pyrethroids) in Western industrialized countries, and also there, it requires continued toxicological work to understand new health hazards arising from such compounds. Admittedly, this is a "lesser evil" type of approach, yet it may lead to a substantial protection of the concerned populations.
From a chemical point of view, it is very likely that the human toxicity of organophosphates is much less uniform than generally assumed. Figure 1 shows the structure of six selected organophosphates, including monocrotophos, as well as other compounds discussed above. It is plausible that compounds with such a degree of chemical diversity affect different types of targets. Although all of them can bind to acetylcholine esterase at nerve terminals, each of them might have different additional targets and target organs. For instance, only a subgroup affects neuropathy target esterase and causes delayed neuropathy (Emerick et al. 2012; Ehrich et al. 1997) . Some organophosphates may be involved in inflammation or inflammatory diseases such as asthma (Proskocil et al. 2013; Banks and Lein 2012) . Neurodegeneration and spermatotoxicity may be additional side effects Chen et al. 2012) .
Thus, it is crucial to identify low-cost pesticides with as little long-term toxicity as possible. To achieve this goal, a close collaboration between clinical, epidemiological, and experimental toxicologists is necessary. Experimentalists modeling the impact of toxic compounds on humans face two challenges that at first glance seem incompatible. Model systems should be physiologically relevant and by necessity human in order to overcome previously encountered limitations in findings drawn from immortalized cell lines and animal models. While there is no deus ex machina to solve all these challenges for the experimental toxicologist, the advent of pluripotent stem cells (PSCs) provides significant improvements (Baquié et al. 2012; Leist et al. 2008) , enabling the impact of potentially toxic pesticides to be studied on virtually all types of cells without recourse to immortalized cell lines. Within the last 5 years, the European ESNATS consortium has been developing pluripotent stem cell-based toxicity tests, and first results demonstrate that such test systems may indeed become powerful tools (Krug et al. 2013; Bolt 2013; Vojnits et al. 2012; Kern et al. 2013; Meganathan et al. 2012; Kuegler et al. 2010; Zimmer et al. 2011a, b; Balmer et al. 2012) . The consortium has shown that complex functional endpoints can be transferred to in vitro test systems Kadereit et al. 2012; Zimmer et al. 2012) . The availability of both murine and human stem cells even allows species comparisons in vitro and puts species extrapolations from available rodent data to humans on a rational basis (Bal-Price et al. 2012 ). Thanks to induced PSC technology (Takahashi and Yamanaka 2006) , the ethnic diversity of humans can be included into the analysis through a careful selection of PSC lines (Fakunle and Loring 2012) . Three-dimensional culture techniques (Hoelting et al. 2013 ) have enabled the generation of PSC-derived organoids (e.g., Preynat-Seauve et al. 2009 ), allowing putative toxic compounds to be tested on tissues rather than on isolated cells. Finally, the use of PSCs to generate mice with humanized organs (e.g., Takebe et al. 2013) provides new opportunities to represent physiological complexity. Collectively, we believe these constitute next-generation toxicity platforms. Such platforms will benefit the existing standards of industrial practice, regulatory oversight, and However, other toxicity targets of these compounds are likely to be compound-specific and have not been studied in-depth. Longterm toxicity has been particularly well documented for leptophos (chronic organophosphate-induced neuropsychiatric disorder) and tricresyl phosphate (organophosphate-induced delayed polyneuropathy), but has also been described with other organophosphates, including monocrotophos. Parathion (E605) has been associated with risk for cancer. Structures are shown as available from PubChem (http://pubchem.ncbi.nlm.nih.gov/) medical care in the face of challenges to humans and the environment, such as are all too common in impoverished and in developed parts of the world.
